Committee of the Affiliated Yantai Yuhuangding Hospital of Qingdao University. Informed written consent was obtained from all patients before their enrollment in this study.
Patients
From July 2004 to April 2017, 2806 patients who underwent double-balloon enteroscopy, including 562 patients with obscure digestive tract bleeding, 457 patients with obscure diarrhea, 930 patients with obscure abdominal pain, 795 patients with obscure weight loss, and 62 patients with obscure intestinal obstruction, were examined. Patients included 1712 men and 1094 women with the age of 14-83 years (average age: 43 years). All patients had undergone gastroscopy, colonoscopy, abdominal computed tomography and/or magnetic resonance imaging, or radionuclide examination without a clear diagnosis; therefore, double-balloon enteroscopy was performed. Eighty-four patients with small-bowel polyps, 26 with intestinal obstruction caused by enteroliths, and 18 with small intestinal bleeding from Dieulafoy's lesions were enrolled. These patients were treated with endoscopic polypectomy, endoscopic lithotripsy, and endoscopic hemostasis, respectively.
Instruments and procedures
T h e F u j i n o n E N -4 5 0 P 5 / 2 0 d o u b l e -b a l l o o n enteroscope (Fujinon Corporation, Saitama, Japan) comprises a scope and a trocar sheath. The enteroscope is 2-m long and 8.5 mm in diameter with a visual angle of 120°. The trocar sheath is 1.5-m long. One balloon is located at the anterior extremity of the scope and can reach 2.5 cm in diameter when charged; the other is located at the tip of the trocar sheath and can reach 5 cm in diameter when charged. The pressure in the balloon is 5.6-8.2 kPa, and the scope can be advanced by charging and discharging the balloon. Also necessary are a single-use snare, injection needles, titanium clips, a high-frequency electric knife, and argon plasma coagulation (APC) equipment (Erbe Elektromedizin GmbH, Tubingen, German).
Preexamination preparation
An electrocardiogram, routine blood evaluation, liver and renal function tests, blood typing, and blood coagulation tests were performed in each patient. Based on symptoms and test results, patients were examined with the double-balloon enteroscope through the mouth or anus. If the lesion could not be detected from one direction, methylene blue was injected as a marker and examination was continued from the other direction until the marked site was observed. Twelve hours of fasting was required for examination through the mouth, and clearance of the small bowel was necessary for the anal approach. Oxygen supply, electrocardiographic, and oxygen saturation monitoring were performed throughout the procedure, and disoprofol was injected 10 min before examination.
Examination method
An assistant held the scope and fixed the trocar sheath while the doctor performed the examination. When the two balloons reached the horizontal part of the duodenum, the scope's balloon was charged so that the scope could fix to the duodenal wall, then the trocar sheath was pushed to the tip of the scope, and the balloon of the trocar sheath was charged. With the two balloons charged, the scope and trocar sheath were fixed to the wall of the duodenum; the scope and trocar sheath were then pulled, the small bowel was invaginated to the trocar sheath, and the scope straightened. The scope's balloon was discharged and the scope pushed ahead, and then the balloon was recharged and the balloon of the trocar sheath discharged to push the trocar sheath ahead. Charging and discharging the balloons was repeated in a push-and-pull manner until the lesion was detected. Charging and discharging the two balloons was automatically controlled with an air pump at a pressure of 6.0-6.5 kPa when discharged and 7.0-7.5 kPa when charged.
Endoscopic polypectomy for small-bowel polyps
Based on the size and shape of the polyps, an appropriate method was used as follows: (1) for polyps <10 mm in size, high-frequency electric coagulation, APC, or snare trap; (2) for pedunculated 10-30 mm polyps, a snare trap; (3) for thin and flat or wide-based polyps >20 mm in size, endoscopic mucosal resection; and (4) for large polyps >30 mm in size, endoscopic one-piece mucosal resection. [4] Adrenaline saline (1:10,000) was injected submucosally to protrude the mucosa. For polyp resection with endoscopic mucosal resection, direct snare or coagulation should be avoided to prevent small-bowel perforation. Spray hemostatics, adrenaline saline injection, APC, and titanium clips were used to prevent posttreatment bleeding; for deep wound surfaces, titanium clips were used to prevent perforation.
Fasting for 2-3 days with fluid replacement and intravenous nutrition was necessary after endoscopic polypectomy. Clinical signs and presentations such as body temperature, abdominal pain, fever, and hematochezia were monitored during this time.
Enterolith treatment
When the double-balloon enteroscope reached the enterolith, we used a snare to trap the enterolith. For soft enteroliths, direct cutting was preferred. For hard and large enteroliths, in vitro lithotripsy was used. Large enteroliths were crushed using a mechanical lithotriptor (Olympus Corporation, Tokyo, Japan). The stone was grasped with the lithotripter under direct vision and crushed into small fragments. We then injected paraffin into the small intestinal lumen to encourage the enterolith to pass easily.
Method for small intestinal Dieulafoy's lesion bleeding
The diagnostic criteria for Dieulafoy's lesions were as follows: (1) arterial spurt or impulsive bleeding detected on a localized mucosal ulcer or erosion; (2) constant-diameter (1-3 mm) arterial blood vessel detected on a localized mucosal ulcer or erosion, with or without bleeding; (3) blood clot or thrombus seen on a localized mucosal ulcer or erosion. [5] The method for titanium clip hemostasis was as follows: when the enteroscope was inserted, if the field of vision was not clear because of blood in the intestinal cavity, cooled noradrenaline (8 mg noradrenaline added to 100-200 ml of cooled saline) was used as a spray until the bleeding lesion was exposed. [6] Based on the size of the bleeding vessel, a suitable titanium clip was selected, the clip was stretched open at the bleeding vessel, and the vessel was clamped with the clip. As many titanium clips as necessary were used until bleeding was controlled, and observation continued for 5 min after titanium clip hemostasis. For some patients, submucosal injection of 1:10000 adrenaline saline was needed posthemostasis. After the procedure, bed rest and avoidance of heavy exercise was mandatory. Abdominal pain and stools were monitored, with administration of blood transfusion and fluid infusion as necessary.
results

Endoscopic examination results
A total of 2806 patients underwent enteroscopy examination, 212 through both the mouth and anus. Lesions were detected in 1696 patients, with a detection rate of 60.4% [ Table 1 ]. The detection rates were 85.9% (483/562) for obscure digestive tract bleeding, 73.5% (336/457) for obscure diarrhea, 48.2% (448/930) for obscure abdominal pain, 49.1% (390/795) for obscure weight loss, and 62.9% (39/62) for intestinal obstruction. Among the 483 patients with obscure digestive tract bleeding, the three most common conditions were nonsteroidal anti-inflammatory drug-related ulcer (17.4%), stromal tumor (14.1%), and allergic purpura (9.4%). Figures 1-5 show small intestinal stromal tumor, lymphoma, angioma, duplication, and leiomyosarcoma.
Safety of double-balloon enteroscopy
Of the 2806 double-balloon enteroscopy procedures, 212 were performed through both the mouth and anus. All of the patients tolerated the procedure under intravenous anesthesia without side effects. Almost all patients examined via the anus tolerated the procedure, also with no side effects. Some patients who underwent oral examination without anesthesia had nausea and transient abdominal pain, which resolved spontaneously without the need for specific treatment. There were no complications related to suffocation, bleeding, and perforation.
Clinical characteristics of double-balloon enteroscopy examination
The average duration of the procedure was 100 min (range: 40-180 min). Endoscopy through the mouth could reach the small bowel of the 3 rd -5 th groups, and the ileocecal valve could be reached within 5-10 min through the anus, whereby it was easy to reach the small bowel of the 4 th -6 th groups. Six patients with intestinal duplication in this study had symptoms of digestive bleeding, and no rebleeding occurred in the six patients who underwent surgery.
• Endoscopic polypectomy to remove small-bowel polyps involved no digestive tract bleeding and perforation, and open surgery was avoided • Similarly, surgery was unnecessary after endoscopic lithotripsy for small intestinal obstruction caused by an enterolith because the obstruction was relieved when the enterolith was shattered • Among the 18 patients with bleeding from Dieulafoy's lesions of the small bowel, 14 patients were controlled with endoscopic hemostasis. The success rate was 77.8%, and bleeding recurred in four patients who subsequently underwent surgery.
dIscussIon
Capsule endoscopy is an innovative method for diagnosing small-bowel disease. The reported positivity rate of capsule endoscopy for diagnosing small-bowel disease is approximately 45-81% with an accuracy rate of approximately 20-30%. However, biopsy is not possible using this approach, the precise lesion location cannot be determined, and endoscopic therapy is not possible, which limit its use. [7] Double-balloon enteroscopy partly overcomes the deficiencies of capsule endoscopy, enabling examination of the entire small bowel while making biopsy and therapy possible. [8] The diagnostic rate of double-balloon enteroscopy for small-bowel disease ranges from 82.4% to 86.8%. [9] The importance of double-balloon enteroscopy lies in differential diagnostics of lesions identified using capsule endoscopy with possible biopsy sampling and in the therapeutic potential of this method in patients with complications (stenosis dilation, extracting retained capsule endoscopy, and controlling bleeding). In our study, 2806 patients underwent a total of 3018 examinations, and lesions were detected in 1696 patients with a diagnostic rate of 60.4%. Specifically, the diagnostic rate for obscure digestive tract bleeding in 562 patients was 85.9% (483/562), and the rate for obscure diarrhea was 73.5% (336/457); the rates for obscure abdominal pain and weight loss were low, namely, 48.2% (448/930) and 49.1% (390/795), respectively; the rate for obscure intestinal obstruction was 62.9% (39/62). Our results showed that double-balloon enteroscopy was the most effective method for diagnosing obscure digestive tract bleeding. However, our evaluation of the diagnostic value of double-balloon enteroscopy for obscure abdominal pain and weight loss was insufficient because specificity and sensitivity for this technique require multicenter studies with larger cohorts. Nevertheless, enteroscopy through the mouth and anus enables examination of the entire small bowel, complementing imaging and pathological data and improving the lesion-detection rate. Given this evidence, double-balloon enteroscopy represents a preferred choice for diagnosing suspected small-bowel disease in patients who are able to tolerate the examination.
Previously, some patients suffered acute pancreatitis after enteroscopy through the mouth because the pressure in the intestinal cavity during the procedure was too high because of excess infusion of gas. [10] However, no such complication occurred in this study, suggesting that during enteroscopy through the mouth, the operator reduced the gas flow in the intestine to reduce the pressure in the intestinal tract. Splenic rupture following deep enteroscopy has also been reported, [11] but did not occur in this study; our experience showed that brute force should be avoided when the scope is being moved forward and backward.
Manifestations of allergic purpura in the small bowel include mucous hyperemia and edema, irregular form, ulcer visible in some patients, normal mucosa between the lesions, and nonspecific inflammation under pathological examination. [12] Intestinal duplication has no specificity and involves repeated abdominal pain, digestive tract bleeding, and abdominal mass, depending on the location and size. Six patients in this study had symptoms of digestive bleeding, perhaps the reason is that other patients with intestinal duplication had no symptoms and they did not underwent enteroscopy. The most common clinical manifestation of intestinal duplication is digestive bleeding, with good recovery being reported after surgery. [13] No rebleeding occurred in our six patients who underwent surgery.
Small intestinal stromal tumor (SIST) often occurs in patients aged 50-60 years. The most common site is the jejunum, followed by the duodenum and ileum. The most frequent clinical manifestation of SIST is digestive bleeding because a tumor located in the muscular layer can grow into the submucosa and subserosa leading to an ulcer, which causes bleeding. Such patients always have dark stools. If bleeding is profuse, patients may experience dizziness, weakness, pale skin and conjunctiva, and even syncope and shock. [14] The main methods for diagnosing SIST are digestive tract X-ray, abdominal computed tomography, capsule endoscopy, and double-balloon enteroscopy. In our study, diagnosis by double-balloon enteroscopy had the advantage of confirming the size of the tumor and verifying the pathological diagnosis with biopsy. With a detection rate of 75-90%, double-balloon enteroscopy represents a viable method for diagnosing SIST. The usual therapy for small-bowel polyps is surgery. For multiple small-bowel polyps, a single operation is insufficient to resect all polyps, and further procedures could lead to complications such as short-bowel syndrome, intestinal adhesion, intestinal obstruction, and malnutrition. Bleeding complications and perforation can occur in patients who undergo endoscopic polypectomy, and the larger the polyp, the more often the complication occurs. [15] In this study, 84 patients underwent endoscopic polypectomy with no complications. The following measures for polypectomy of small-bowel polyps were taken: for wound bleeding, noradrenaline saline spray, APC, and titanium clip hemostasis are used. For long and thick polyps, a nylon ligature can be placed at the stem root before polypectomy followed by injection of 1:10,000 adrenaline saline at the stem root. Endoscopic polypectomy was an effective method for polypectomy of small-bowel polyps in our study, especially for multiple polyps, as it could be performed several times to remove the polyps in stages. Briefly, this method has the advantages of fewer complications, microtrauma, high safety, and low cost, with high clinical application value and promise.
Intestinal obstruction caused by enteroliths is uncommon, accounting for 3-4% of intestinal obstructions. The most frequent cause of an enterolith is taking persimmon; gum and pectin in persimmon aggregate when they meet gastric acid and can precipitate and agglomerate as well as form a huge mass with food. These masses move to both the small and large intestine. At the egress of the ileocecal valve, a large enterolith was reported to obstruct the inferior segment of the ileum. [16] Formerly, the treatment for intestinal obstruction caused by an enterolith was open surgery. In this study, we shattered the enterolith using a snare within the intestinal lumen using double-balloon enteroscopy while paraffin was injected into the small intestine to encourage passing the shattered enterolith, thus avoiding surgery.
In summary, double-balloon enteroscopy is safe and effective for diagnosing small-bowel disease. For some small-bowel polyps, small intestinal obstruction caused by an enterolith, and small intestinal bleeding from Dieulafoy's lesion, endoscopic therapy is a viable alternative to open surgery.
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